Materials and methods The bioaccumulation of up to 40 trace elements in mosses was determined according to a Europe-wide harmonised methodology. The according experimental protocol regulates the selection of sampling sites and moss species, the chemical analysis and quality control and the classification of the measured values for mapping spatial patterns. In Mecklenburg-Western Pomerania all sampling sites were described with regard to topographical and ecological characteristics and several criteria to be fulfilled according to the guideline. Together with the measurements this metadata was combined with other information regarding land use in the surroundings of the sampling sites in the WebGIS MossMet. The spatial structure of the metal bioaccumulation was analysed and modelled by variogram analyses and then mapped by applying different kriging techniques. Furthermore, multi metal indices (MMI) were derived for both the sampling sites and raster maps with help of percentile statistics: The MMI 1990 -2005 was calculated for As, Cd, Cr, Cu, Fe, Ni, Pb, Ti, V and Zn. The statistical association of the metal bioaccumulation, site specific characteristics as well as information on land use and emissions was analysed by bivariate nonparametric correlation analysis, contingency tables and Chi-square Automatic Interaction Detection (CHAID).
Results The results of the quality controlled chemical analyses show a significant decrease of the metal bioaccumulation in Germany from 1990 to 2000 for all elements. However, in Mecklenburg-Western Pomerania the concentrations of Cr and Zn are even significantly higher than those found in 1990. From 2000 to 2005 a further non-significant increase can be stated for As, Cu, Ni and Ti. The concentrations of Cd and Pb decreased significantly throughout all four surveys. The MMI illustrates the temporal trend of the metal bioaccumulation as a whole: After a significant decrease from 1990 to 2000 it increased significantly till 2005. The N concentration in mosses in MecklenburgWestern Pomerania reaches from 1.3 to 2.3 % in dry mass and is negatively correlated with the forest ratio in the surroundings of the moss sampling sites and to the same degree positively correlated with the area ratio of agricultural land uses. Except for Cd, Pb and Sb all metal concentrations in the mosses are negatively correlated with the forest ratio around the sampling sites. With the exception of Cr all metal concentrations are further negatively correlated with the precipitation sums of the accumulation periods. Only the Cu and Zn concentrations show no or rather a negative correlation with the tree height whereas all other elements exhibit positive correlations. Furthermore, all elements except Cr are significantly associated to the sampled moss species, the growth pattern and the frequency of occurrence of the mosses at the respective sampling sites. Exemplified for Cu multivariate correlations were furthermore detected by CHAID. It could be shown that the frequency of the mosses, the sampled moss species, the distance to motorways and the distance to the Baltic Sea are the statistically most significant boundary conditions of the Cu concentrations in the mosses sampled in Mecklenburg-Western Pomerania in 2005. No correlations were found between the modelled total depositions and the concentrations of Cd, Hg and Pb in the mosses at p < 0.1. For Pb in 1995 r is 0.52 at p = 0.012, for the other surveys no correlations at p < 0.05 could be found.
Discussion The increase of the Cr bioaccumulation from 2000 till 2005 is particularly pronounced in MecklenburgWestern Pomerania. This trend is confirmed with regional differences in the national average as well as in other participating countries like in Switzerland. Deposition measurements did not register this trend. In contrast to the UNECE area, the federal territory and several federal states no correlations were found between the modelled total depositions and the metal concentrations in the mosses.
Conclusions The fact that no correlations were found between the modelled total depositions and the element concentrations in the mosses may be caused by the low spatial resolution (50 × 50 km) of the EMEP data. The moss surveys contribute to the heavy metal and the multi-componentmodel of CLRTAP because they prove on different spatial scales how air pollution control influences the accumulation of emitted substances in environmental subjects of protection like vegetation. In contrast to deposition measurement networks the moss monitoring identified a trend reversal in Mecklenburg-Western Pomerania: The continuous decrease of the metal bioaccumulation in mosses from 1990 till 2000 has changed to an increase of several metals between 2000 and 2005. This increase is significant for Cr and Zn.
Recommendations and perspectives The spatial resolution of the EMEP deposition data should be enhanced based on the Europe-wide regression relationship between the element concentrations in the deposition and in the mosses. For regional studies the existing but so far not useable deposition measurement data of the federal states should be made available. It should further be investigated what caused the increase of the Cr concentrations above the level of 1990 -perhaps emissions or biogenic effects as a consequence of simultaneously increased nitrogen loads? The Heavy Metals in Mosses Surveys are a positive example for environmental monitoring activities reaching across three spatial and administrative levels: regional (e. g. federal state or natural landscape), nation wide (e. g. Germany) and continental (e. g. Europe). In Germany the harmonised and quality controlled moss data are made available via a WebGIS portal. Therefore the moss data may easily be accessed for environmental monitoring purposes and the control of environmental political actions. Hence, the continuous task of environmental monitoring can be met and carried on in the future. It should further be considered to expand the moss monitoring on the survey of persistent organic pollutants and apply it in human-biomonitoring. This would facilitate the acquisition of indoor and outdoor pollution with the same receptor.
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Hintergrund, Ziel und Bereich
Moose eigenen sich für die Erfassung der Anreicherung atmosphärisch deponierter Stoffe wie Metalle und Stickstoff und werden zu diesem Zweck auf lokaler, regionaler und bis hin zur kontinentalen Ebene eingesetzt (Bealey et al. 2008a, b; Forster et al. 1993; Genßler et al. 2001; Herpin et al. 2004; Kostka-Rick et al. 2001; Mohr 1999 Mohr , 2007 Rühling und Tyler 1968 , 1969 , 1970 Schröder et al. 2008; Tyler 1990; Wappelhorst et al. 2000; Zechmeister et al. 2006) Schröder et al. 1991 Schröder et al. , 2004 Schröder und Schmidt 2000) . Die Entnahme und chemische Analyse der gesammelten Moose erfolgte nach der europaweit verwendeten Richtlinie (Harmens 2005 ,  0  -7  2  ,  0  -9  2  ,  0  -3  3  ,  0  -1  2  ,  0  -9  2  ,  0  -9  1  ,  0  -3  2  , ). Vergleichend lassen sich ferner bundesweite Depositionsmodellierungen für Cd und Pb (Gauger et al. 2002) hinzuziehen. All diese zum Vergleich genutzten Daten zeigen, dass die Rangkorrelationen zwischen den Metallkonzentrationen in Moosen einerseits und den verfügbaren Depositionsdaten sowie modellierter Nass-, Trocken-und Gesamtdeposition andererseits nach Stoffen und Depositionspfad variieren. Bundesweit ergeben sich auf der Grundlage der wenigen Messstationen (s. o.) hohe und sehr hohe Korrelationen zwischen den Konzentrationen von Cd in Moosen und in der Wet-only-Deposition (Schröder et al. 2010) . Keine bis niedrige Korrelationen (0,0 ≤ r s ≥ 0,2) weisen die Konzentrationen von Cd und Pb in Moosen und Kronentrauf-bulk-Depositionen auf. Die statistischen Beziehungen zwischen der Cd-und Pb-Konzentration in der Bulk-Deposition im Freiland und in Moosen beläuft sich auf 0,0 ≤ r s ≥ 0,5. Die Korrelationen von Cd in Moosen und den modellierten Depositionen sind niedrig und variieren zeitlich, stoffspezifisch und nach modelliertem Depositionspfad: Die höchsten Korrelationen bestehen zwischen den Konzentrationen von Cd in Moosen und in der Gesamtdeposition (r s ≈ 0,35) ). Cd in der Gesamtdeposition und in Moosen sind europaweit mit r s = 0,65 korreliert (Schröder et al. 2010) .
Inwieweit Eigenschaften der Moosprobenentnahmestellen und ihrer Umgebung mit den Stoffgehalten in den Moosen statistisch verknüpft sind, wurde bivariat-und multivariat-statistisch untersucht. Die Befunde bestätigen zum Teil diejenigen für das Bundesgebiet oder einzelne Bundesländer. Es zeigt sich jedoch, dass es regionale Besonderheiten gibt. Diese bestehen in Mecklenburg-Vorpommern beispielsweise in dem Einfluss der Distanz zum Meer und zu (Holy et al. 2009b , Pesch et al. 2007b ). 
Schlussfolgerungen

Empfehlungen und Ausblick
Das Moosmonitoring sollte zukünftig enger mit dem Humanbiomonitoring verknüpft werden, denn die räumlich differenzierte Erfassung der Beziehungen zwischen der inneren Exposition von Probanden durch Humanbiomonitoring einerseits sowie der äußeren Exposition innerhalb und außerhalb von Gebäuden durch Umweltmonitoring andererseits fehlt ). Eine methodische Verknüpfung von Indoor-und Outdoorexpositionsmonitoring könnte durch die Verwendung derselben Schadstoffrezeptoren im Indoor-und im Outdoorbereich ermöglicht werden. Untersuchungen zeigen, dass Moos ein sehr gut geeignetes Rezeptormedium für das Indoor-und Outdoorexpositionsmonitoring ist. Ziel sollte es sein, eine Biomonitoringmethode für die Langzeiterfassung organischer und anorganischer Schadstoffe mit einem Rezeptor zu entwickeln und zu erproben, der über ein breites Spektrum von Stoffen und Klimabedingungen im Indoor-und Outdoormonitoring einsetzbar ist und die Beziehungen zwischen innerer Exposition und äußerer Exposition (indoor, outdoor) zuverlässig erfasst (Zechmeister et al. 2007 ). 
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